Objective: To study the quality of life of Chinese pediatric patients with retinoblastoma (RB) after enucleation and the influencing factors.
INTRODUCTION
Retinoblastoma (RB), the most common intraocular malignant tumor in children, accounts for 5% of blindness in children and severely endangers their vision and life. 1 The prevalence of RB among newborns in the world is 1:15,000-1:20,000. 2 Approximately 40% of pediatric patients have bilateral eye disease and 60% of pediatric patients have unilateral eye disease. 3, 4 According to the United Nations survey results from 2004, the prevalence of RB in China was only second to that in India. 5 The 5-year survival rate of pediatric patients with RB in European and American countries is over 95%, and the 3-year survival rate of pediatric patients with RB in China is 93.7%. 6, 7 The eye salvage rates of pediatric patients at stages A, B, and C in the International Intraocular Retinoblastoma Classification in other countries can reach as high as 90%. 8 The enucleation rate of pediatric patients with RB in China has decreased from 91.46% to approximately 42.22% in recent years. 9, 10 However, due to various reasons, such as late diagnosis, enu-ABBREVIATIONS: PedsQL TM 4.0, Pediatric Quality of Life Inventory 4.0 Generic Core Scale; RB, retinoblastoma This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes. cleation is still the common treatment method for pediatric patients with RB in China. 10 Quality of life is one of the measures for assessment of disease treatment and late effects and has been reported in RB-related studies. A Dutch study showed that the quality of life of children with RB was not different from that of normal children. 11 However, an Israeli report showed that the daily activities of RB children were significantly affected by disease. 12 Additionally, an Indian study with a large sample size showed that the quality of life of children with RB was significantly lower than that of normal children. 13 Current studies on subjects that include both children with RB with eye salvage and enucleation do not consider the presence of possible differences in quality of life between these two population groups. Eyes not only perform physiological functions such as vision but are also significant in the maintenance of appearance. After enucleation, the lack of eyes may cause obvious facial deformities, such as orbital collapse and facial asymmetry in children in their growth and development stages. Ocular implantation of prosthetic eyes and wearing prosthetic lenses can effectively prevent and improve possible facial effects. However, the effects of surgery on the quality of life of patients cannot be ignored. South Korean and Danish investigators have performed surveys using the SF-36 scale to
show that the quality of life of adults after enucleation was significantly lower than that of controls. 14, 15 However, currently there are no reports on the study of quality of life of children after enucleation.
Therefore, this study recruited children with RB after enucleation as study subjects and used the questionnaire survey method to assess their quality of life and analyze the influencing factors, to supplement existing studies on the quality of life of children with RB.
METHODS

Study design and implementation
In this cross-sectional study, pediatric patients with RB after enucleation who were treated in our eye center between January 2000 and January 2015 were recruited as the study group for the survey using the convenience sampling method between June 2016 and December 2016. The inclusion criteria were: pediatric patients who were diagnosed with unilateral or bilateral RB, patients aged between 5 and 18 years who could accurately understand the content of the scale, pediatric patients who received unilateral enucleation and ocular prosthesis implantation for more than 1 year and had monocular vision, and patients with RB and parents who signed the informed consent for participation in this survey.
Healthy children who received routine eye examination in our eye center were used as the control group. The inclusion criteria were as follows: children with normal binocular vision and without other organic diseases; children aged between 5 and18 years who could accurately understand the content of the scale; and children and parents who signed the informed consent for participation in this survey.
Data collection was performed when pediatric patients returned to the hospital for follow-up. The general questions in the questionnaire were completed by the legal guardians of the pediatric patients. The Pediatric Quality of Life Inventory 4.0 Generic Core Scale (PedsQL TM 4.0) was then independently completed by pediatric patients for corresponding scale assessment. 16 For pediatric patients who had insufficient literacy and could not read and understand the scale independently, specified researchers explained the item contents and options to assist them in finishing the scale. During the survey period, the legal guardians accompanied the children to the same clinic to maintain the children's emotional stability. However, they were required to be out of sight of the pediatric patients to avoid interfering with the children's judgment. If the basic information was not clear and the missing entries comprised more than 50% of the total entries, the patient's questionnaire was regarded as ineffective.
Survey tools
The general information questionnaire was designed by the researchers of this study. The content included the following information on the pediatric patients: gender, age, whether the patient was an only child, unilateral/bilateral eye disease, postoperative duration in years, ocular prosthesis satisfaction, diagnosis age (divided as 16 Each item of the questionnaire asked the frequency of the occurrence of something in the past month. The answer for each item had five levels, ranging from "never" to "always", which corresponded to five levels of scores, from 100 points to zero points. When the score was higher, the child's quality of life was better.
Statistics
Data statistical analyses were performed using SPSS 22.0 (IBM Corp., Armonk, NY, USA). General measurement data are expressed as percentages, means, and standard deviations. The quality of life scores of pediatric patients are expressed as the means ± standard deviations. The statistical analysis methods included the independent t-test, the chi-square test, the Mann-Whitney U test, one-way analysis of variance, Spearman's correlation coefficient analysis, and a multivariate stepwise regression equation. P-values < 0.05 were considered significant.
RESULTS
General subject information
In total, this study distributed 73 copies of the questionnaire in the study group, with 71 effective copies of the questionnaire recovered, for an effective recovery rate of 97.2%. A total of 80 copies of the questionnaire were distributed in the control group, with 80 effective copies of the questionnaire recovered, for an effective recovery rate of 100%. The study group included 65 patients with unilateral disease and six patients with bilateral disease. Among children with bilateral disease, the preserved eyes were group A (two eyes) and group D (four eyes). All patients survived. The median age at The demographic features of the control group matched those of the study group except that the single child ratio in the study group was significantly lower than that of the control group (Table 1) .
Quality of life scores of pediatric patients with RB at different age periods after enucleation
The quality of life scores of pediatric patients with RB after enucleation were significantly lower than those of the control group (P < 0.001) (Table 2 ). In particular, the scores of the school functioning and social functioning dimensions in the PedsQL TM 4.0 in the study group were lower than those in the control group, with a statistically significant difference.
Analyses based on age groups indicated that the differences in the total score and the school dimension score in the PedsQL TM 4.0 in the group of 5-7-year-olds between the study group and the control group were statistically significant. The comparisons of the total quality of life scores and the scores of social and school dimensions in the group of 8-18-year-olds between the study group and the control group were significant (P < 0.05) ( Table 3 ).
Univariate analyses of factors affecting quality of life of pediatric patients with RB after enucleation
The univariate analyses of the effects of different independent variables on the total score of the PedsQL TM 4.0 showed that influences of gender, unilateral/bilateral eye disease, diagnosis age, and ocular prosthesis satisfaction of patients on the PedsQL TM 4.0 were statistically significant. The influences of age, whether the patient was an only child, postoperative duration, whether combined postoperative radiotherapy was performed, the marital status of the child's legal guardians, employment status, education level, and annual family income on the total score of the scale and in the scores of each dimension were not statistically significant (Table 4) .
Correlations between the ocular prosthesis satisfaction of pediatric patients with RB and the social demographic statistical and clinical variables
The ocular prosthesis satisfaction of children with RB correlated with the parents' marital status, employment status, and annual family income. The ocular prosthesis satisfaction of pediatric patients in single-parent families was worse than that of children living with both parents together. The ocular prosthesis satisfaction of pediatric patients in families with unemployed parents was worse than that of children living with employed parents. When the annual family income was higher, the ocular prosthesis satisfaction was higher (Table 5 ).
Multivariate stepwise regression analyses of influencing factors of quality of life of pediatric patients with RB after enucleation
Demographic features, disease treatment-related factors, and ocular prosthesis satisfaction were used as independent variables to perform
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Comparison of the quality of life between RB survivors and control groups for different age ranges (Table 6 ).
DISCUSSION
This study was a cross-sectional questionnaire survey study. The measurement results using the PedsQL TM 4.0 scale showed that the quality of life of pediatric patients with RB was lower than that of the normal control group. Compared with other similar studies, the quality of life of Chinese children with RB after enucleation in this study was better than that of Indian children with RB but worse than that of Dutch pediatric patients with RB. This study only targeted pediatric patients with RB after enucleation. Although the enucleation rate was higher than the 91% enucleation rate in Indian study samples, all pediatric patients completed ocular prosthesis implantation and achieved basic cosmetic restoration, which might be the reason why the total quality of life score was higher than that among Indian pediatric patients with RB. The 40% eye salvage rate in the Dutch study samples might be the reason why the quality of life of Dutch pediatric patients with RB was close to that of normal children. 11, 13 The differences in scores of the social and school dimensions in the PedsQL TM 4.0 between pediatric patients with RB and the control group were statistically significant. The differences in scores of these dimensions among Dutch pediatric patients with RB were not statistically significant, and only pediatric patients in the 12-18-yearold age range had certain difficulties in "peer relationship and social support." 11 Weintraub et al. reported that Israeli pediatric patients with RB were affected by the disease and their daily activities were restricted, thus causing absences from schools and reductions in participation in all types of activities, which significantly affected the children's scores in the school dimension. 12 An Indian study reported that because of differences in the medical and social support systems of pediatric patients with RB from those in Western societies, the differences in scores of the social and school dimensions between pediatric patients and the control group were statistically significant. 13 In our study, only the school dimension score in the PedsQL TM 4.0 of pediatric patients in the younger age group (5-7 years) was significantly lower than that of normal children, whereas the differences in scores of the social and school dimensions in the PedsQL TM 4.0 for 8-18-year-old children between the study group and the normal control group were both statistically significant. It has been shown that when the survival time of pediatric patients with cancer is longer, the quality of life is worse. 17 One report in the USA showed that the quality of life of children after heart transplantation was negatively correlated with age; moreover, when the child was older, the school dimension was more affected. 18 This study confirmed that the influences of disease and surgery on pediatric patients with RB in the adolescent group were greater, hindering their social and role (school)
functions.
In this study, the influences of unilateral/bilateral eye disease, diagnosis age, and ocular prosthesis satisfaction of pediatric patients on the PedsQL TM 4.0 were statistically significant. The quality of life scores between pediatric patients with unilateral-eye and bilateral-eye RB after unilateral enucleation were significantly different. After unilateral enucleation, pediatric patients with RB are forced to change from binocular vision to monocular vision. It has been shown that patients with monocular vision experience many difficulties in daily activities and social role playing, which significantly affect the quality of life. 19 Among pediatric patients with bilateral-eye RB in this study, 2/3 of salvaged eyes had retinal detachment caused by RB. Retinal detachment damaged the visual function of the monocular vision, and would cause great trouble in the daily lives of patients. These reasons might cause significant differences in quality of life scores between children in these two groups. The differences in these results were greater than those in the Indian study, which showed that the differences in quality of life between pediatric patients with unilateral and bilateral RB were not statistically significant. 13 In this study, the quality of life scores of pediatric patients with diagnosis ages ≤ 18 months were better than those of patients with diagnosis ages > 18 months. Some evidence has indicated that older diagnosis ages of pediatric patients with cancer are associated with more physiological and psychological problems in long-term cancer survivors. 20 The Indian study of children with RB reported that when the diagnosis age was younger (≤18 months), the scores on the school and social dimensions for the pediatric patients with RB were higher. It is thought that when pediatric patients receive surgery and treatment at younger ages, they have fewer memories and experiences of the corresponding pain and higher acceptance of the ocular prosthesis; therefore, the influences on the appearance of pediatric patients were lower, and the quality of life was also relatively high. This study showed that ocular prosthesis satisfaction significantly correlated with pediatric patients' quality of life. Facial appearance is a key factor affecting the assessment of people's overall appearance, and the eyes are an important component of the face. One Chinese survey showed that adult patients' negative assessments of their own appearance after enucleation were significantly higher than those of healthy people. 21 One British survey revealed that, among young patients, the influences of eye diseases on appearance were directly correlated with interpersonal relationships and social interactions. 22 It has been reported that the quality of life scores of children with other diseases, such as orthopedic and thoracic surgical diseases, are closely associated with the assessment of their own appearance. 18, 23 Enucleation combined with ocular prosthesis implantation can reduce the degree of orbital collapse as much as possible and can reduce the incidence of facial deformity in growing children. Wearing prosthetic eyes is not only conducive to restoration of the child's appearance but can also effectively increase the patient's quality of life. 24 This study showed that the ocular prosthesis satisfaction of pediatric patients was associated with the parents' marital status, employment status, and annual family income. Other relevant studies on pediatric diseases have confirmed that the influences of socio-economic factors on the quality of life of pediatric patients were statistically significant. 25 To achieve excellent eye restoration effects after enucleation, children must wear prosthetic eyes. High biofidelity, comfort, and milder local reactions associated with prosthetic eyes positively correlate with their price. Because this type of surgery and the custom-made prosthetic eyes necessary are both available at people's own expense and are not covered by medical insurance in China, the economic conditions of the parents determine the choice of prosthetic eyes for pediatric patients, which affects the final facialrestoration effects and the relevant patient satisfaction. In this study, the marital status of parents might be associated with the care that pediatric patients are able to receive, while the employment status of the This study compared the differences in quality of life between children with RB after enucleation and healthy children and analyzed the influencing factors of quality of life among children with RB. Currently, there are few studies on the quality of life of children after enucleation.
TA B L E 4 Factors affecting quality of life of RB survivors
This study performed active exploration and supplementation in relevant fields. However, this study has some limitations. First, the sample size of this study was small; thus, support from study data with a larger sample size will be required. Next, this study sampled only pediatric patients with RB after enucleation. With the progression of medical technology, the eye salvage rate in cases of RB is also growing higher.
Therefore, the scope of study subjects should be expanded to provide a more comprehensive understanding of the quality of life of pediatric patients with RB. Besides, the proportion of only children in the study group and the control group did not match. The rate of sibling children in the study group was higher than that in the control group, which may be related to the fertility policy in China: when one child was diagnosed with RB, the parents usually wanted to have another healthy child to accompany them.
Strengthening popular science education on disease knowledge and early discovery to perform treatment measures can increase not only the survival rate of pediatric patients but also their quality of life and long-term survival. For pediatric patients after enucleation, increasing the ocular prosthesis restoration effect, helping them develop an excellent self-image, and weakening any negative effects caused by facial defects can allow them to better integrate with their peers and obtain a better quality of life.
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